INTRODUCTION
When faced with novel and stressful environmental conditions, individual organisms must be able to acclimate in order to survive, and populations of organisms will often need to (Leek and Storey 2007) , we identified five latent variables encapsulating the unknown effects.
172
To remove the effects of these variables from the gene expression data, we used limma (Ritchie We used non-metric multidimensional scaling (nMDS), which is an unsupervised 177 ordination method that enables highly-dimensional data to be projected onto a few axes for 178 visualization. For RNA-seq data, nMDS may preferable as an ordination method, because it 179 does not assume linear relationships within the data, enabling nMDS algorithms to robustly 180 extract complex patterns from gene expression data (Taguchi and Oono 2005) . One drawback 181 of this nonparametric approach is, however, that the scores for variables mapped onto 10 analysis of variance performed on the Bray-Curtis dissimilarity matrix. Population, treatment, 191 and the interaction term were included as effects in the model, and 1000 permutations were run. 
202
We used a resampling approach to determine the probability that each gene was 203 assigned to the appropriate module. To do this, we selected four of the six replicates for each 204 treatment group at random to create a new subsampled dataset with 32 samples each. A total 205 of 100 resampled datasets were created in this way. Using the same parameters as in the full 206 dataset, we reconstructed the gene coexpression network for each of the resampled datasets. 12 identified from chromatin immunoprecipitation sequencing (ChIP-seq 
243
Target genes could be included multiple gene sets if they are bound by more than one 244 transcription factor.
245
C. remanei homologs for each of the C. elegans transcription factor targets were 246 determined based on the annotations that have been curated in the WS220 release of 247 WormBase (Harris et al. 2009 ). Homologous genes identified by any method were included as 248 possible transcription factor targets in C. remanei. In cases where multiple C. remanei genes 249 were matched to a single gene in C. elegans, all possible homologous genes were included in 250 the gene set, since no information was available to determine whether transcription factor 251 binding was preserved preferentially in either possible homolog.
252
Modules were tested for significant enrichment of target genes bound by each 253 transcription factor using a one-tailed Fisher's exact test. In addition, we tested for enrichment of 254 the C. remanei heat shock proteins previously identified (Sikkink, Reynolds, et al. 2014) .
255

Data Availability
256
Sequence data for the ancestral, control, and heat populations were previously 257 deposited in the NCBI Gene Expression Omnibus (GEO) database as part of series GSE56510 258 with accession numbers GSM1362987-1363022. Additional RNA-seq data for the oxidative 259 population were deposited in GEO with the accession number XXXXXX.
260
RESULTS
261
Divergence occurs in transcriptional regulation across temperatures and between 262 evolved populations
263
We first sought to determine whether samples from the various populations or 264 temperatures could be differentiated based on global patterns of gene expression. To do this, 13 we used non-metric multidimensional scaling (nMDS), a powerful ordination method that does 266 not assume linear relationships among variables (Taguchi and Oono 2005) . On the first axis, we 267 observed distinct separation between the two temperature treatments ( Fig. 2A) . To assess the 268 significance of the observed differences between temperature treatments, we used a 269 permutational analysis of variance (PERMANOVA) on the dissimilarity matrix. This analysis 270 confirmed that temperature had a highly significant effect on global gene expression (F 1,40 = 271 6.41, P = 0.001).
272
The four populations also differed significantly from one another (PERMANOVA; F 3,40 = 273 3.17, P = 0.001). The population differences accounted for variation observed on Axis 2 and 274 Axis 3 in the nMDS analysis ( Fig. 2B ). Both the oxidative and heat selected lines diverged from 275 the ancestral population on Axis 2, but in opposite directions ( Fig. 2D ). In contrast, the control 276 population separated from the ancestral and selected populations on Axis 3 ( Fig. 2E ). This 277 pattern of divergence from the ancestor suggests that the three different selection regimes lead 278 to unique changes in transcriptome regulation in these populations. In addition, the response to 279 the temperature treatment was strongly dependent on the population (PERMANOVA, 280 population-by-temperature interaction: F 3,40 = 1.77, P = 0.002). The consequences of the 281 interaction effect are most apparent on Axis 4 ( Fig. 2F) , where the control-selected population 282 responds to temperature in the opposite direction compared to the remaining lines, and Axis 5 283 ( Fig. 2G) , on which the heat population responds in the opposite direction.
284
Network modules are differentially associated with line-and temperature-specific
variation in expression 286
Because nMDS is a non-metric method, the contribution of specific genes, or suites of 14 that are more loosely connected to other such modules. We sought to identify modules that 291 were important in the differential regulation of stress resistance in our evolved populations of C. (Allocco et al. 2004 , but see also Marco et al. 2009 ). Coexpression network analysis can 295 therefore provide unique and useful insights into gene regulatory networks.
296
Network analysis identified 13 co-expressed modules containing a total of 5,622 genes 297 (Table 1 ). An additional 9,212 genes were not consistently assigned to any module after 298 resampling and were designated as "Unassigned". For each module, we calculated the 
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with several explaining 50 to 70% (Table 1) . The second principal component explains no more 305 than 5.6% in any assigned module (Supplemental Fig. S2 ), confirming that the eigengene is in 306 fact an appropriate representation of expression for the genes within the assigned modules.
307
In the balance between environment and evolution in changes in patterns of 308 transcriptional regulation ( Fig. 1 ), plasticity and/or the retention of ancestral plasticity via the 309 evolution of baseline expression predominates. Significant temperature differences or 310 temperature-by-population interactions were observed in 12 out of 13 modules ( Table 1 ). Finally, four of the modules showed 317 heterogeneity among the pattern of plasticity that was dependent upon their specific 318 evolutionary history ("evolved and/or divergent plasticity", Fig. 3 ). In one case (Module 5), the 319 oxidative stress population lost its apparent response to heat stress entirely, indicative of 320 genetic assimilation.
321
To more specifically address evolutionary divergence among lines, we examined 322 pairwise differences among them for modules that showed a significant population effect ( Fig.   323 3). Focusing specifically within the ancestral population, five modules (Modules 1, 2, 3, 4, and 324 7), which together contain 4,836 genes, had significant expression differences across 325 environments ( Table 2 ). Evolved lines that diverged from the ancestral population are of 326 particular interest, as these could indicate a set of genes that are adaptive for stress resistance.
327
Two modules, Module 6 and Module 9, differed in the heat-selected population only. These 328 modules are expected to contain genes that are important for adaptation to heat stress.
329
Similarly, five modules (3, 4, 5, 7, and 8) are significantly different from the ancestor only in the 330 oxidative-selected population. Two additional modules, Module 10 and Module 13, have evolved 331 in both stress-selected populations. In both cases, the responses are in opposite directions in 332 each stress-selected population (Fig. 3) , similar to the observed differences on Axis 2 in the Based on the global profiles of expression among our filtered set of genes, we observed resulted in very pronounced changes in the global patterns of gene expression in all 422 populations, which were primarily encapsulated by the primary axis resulting from nMDS 423 analysis ( Fig. 2A) . The scale of the observed response to the temperature shift in all populations 424 ( Fig. 2C ) largely confirms our previous observations for the heat selected population-that 425 increased resistance to acute heat stress is not conferred by changing the degree to which 426 genes respond to changes in the thermal environment (Sikkink, Reynolds, et al. 2014) .
427
However, the more powerful multivariate statistical framework used here reveals that the 428 response to temperature changes did in fact differ among the evolved populations on secondary 429 axes of ordination. These interaction effects were most evident on nMDS Axes 4 and 5 ( Fig. 2F 430 and 2G), and suggest that changes in transcriptional plasticity in some parts of the overarching 431 gene regulatory network may be responsible for changes in phenotypic plasticity as well.
432
In addition to the transcriptional response to temperature, we also detected changes in 433 gene regulation attributable to the evolutionary history of each line. Notably, the three selected 434 populations have diverged from the ancestor in different directions on nMDS Axis 2 and Axis 3 435 ( Fig. 1B) . This pattern suggests that at least partially different GRNs contribute to adaptation in 436 each case, likely acting in a modular fashion. These findings are consistent with the 437 observations we have previously made-that there is no genetic correlation between heat and 438 oxidative resistance under the environmental conditions in which these populations evolved 439 (Sikkink et al. 2015) . In short, although one might reasonably hypothesize a correlated selective 440 response to heat and oxidative stresses that acts through a generic stress response pathway, 441 our data support the alternative hypothesis that evolution results from changes in different The pattern of expression differences that we observed in our data indicates a high 445 degree of modularity within the gene regulatory network. Despite a relatively small number of 446 experimental treatments, we were able to identify 13 transcriptional modules with highly 447 correlated patterns of expression. Furthermore, the eigengenes that describe expression 448 patterns within each module are differentially associated with the experimental treatments.
449
A test of our ability to draw meaningful inferences from our RNA-seq data is to examine 450 a well-known pathway. Heat shock proteins (hsps) are molecular chaperones known to be a 451 critical component of response to heat stress (Lindquist and Craig 1988). Therefore, we expect 452 these genes to form one or more modules that covary strongly with temperature. Module 9 453 seems to fulfill this expectation by capturing many of the expected elements of the hsp was also significantly regulated by temperature (Table 1) . GO enrichment analysis indicated that 456 this module was strongly enriched for genes involved in a number of metabolic processes, as 457 well as genes involved in aging, although surprisingly "stress response" was not enriched in this 458 module.
459
Within this heat shock response module, significant expression differences attributable 460 to line were observed (Fig. 3) . On closer examination, the heat-selected population was the only 461 selected line to show divergence from the ancestral population. The eigengene expression of 462 this module reveals that the heat-selected population has higher overall expression of these 463 genes relative to the other populations even at 20°C (Fig. 3) . However, these genes were still 464 upregulated in response to temperature. The shift in expression in this module is consistent with 
